The National Eye Institute Visual Function Questionnaire (NEI-VFQ) measures visiontargeted quality of life, but it is unclear whether it is sensitive to changes within individuals over time.
T HE NATIONAL Eye Institute Visual Function Questionnaire (NEI-VFQ) is a vision-specific quality-oflife instrument. 1, 2 It was the first vision-targeted instrument designed to measure quality of life across many ophthalmic conditions. Content area for the NEI-VFQ came from focus group sessions with patients with age-related macular degeneration (AMD), cataract, diabetic retinopathy, primary open-angle glaucoma, cytomegalovirus retinitis, or low vision from any cause. 1 Previous research in cross-sectional studies supports the reliability and validity of the NEI-VFQ across a wide range of visual acuities. [2] [3] [4] [5] In the NEI-VFQ field test, internal consistency values, measured by Cronbach ␣, ranged from 0.66 to 0.94 among the subscales; test-retest reliability, measured by intraclass correlation coefficients, ranged from 0.68 to 0.91. Support for validity comes from differences in the NEI-VFQ scores between eye conditions and correlations of the scores with visual acuity and other measures of quality of life. 2 Thus, the NEI-VFQ is a discriminative instrument. However, not all discriminative instruments are necessarily suitable to evaluate change in health status (such as visual function) over time. A responsive instrument is able to reflect clinically meaningful changes in vision within individuals over time. 6 Additionally, changes in scores obtained using the quality-of-life instrument should correlate with changes in clinical measurements; otherwise, interpretation is complicated. 6 A pitfall of using an unresponsive instrument to evaluate change in a clinical trial is the possibility of making a type II error; that is, con-cluding that there is not a treatment difference when in fact there is. 7 Furthermore, information on the NEI-VFQ's responsiveness is needed for sample size calculations in longitudinal studies of vision-targeted quality of life and projections of costs of these studies.
Even though there are no published data, to our knowledge, that support the NEI-VFQ's responsiveness to changes in vision within individuals over time, the NEI-VFQ is already in use in many clinical trials, presumably to compare changes in vision-targeted quality of life over time between treatment groups. The goal of this analysis is to investigate whether the NEI-VFQ is responsive to "within-individual" changes in visual acuity over time in a group of patients with central vision loss due to choroidal neovascularization (CNV) secondary to AMD, ocular histoplasmosis syndrome (OHS), or idiopathic causes, and who participated in randomized trials of submacular surgery.
METHODS

PATIENT SELECTION
Data analyzed were from patients who participated in the Submacular Surgery Trials (SST) Pilot Study or larger SST clinical trials. The SST Pilot Study was a set of multicenter pilot trials of submacular surgery conducted in the United States to ascertain the feasibility of larger trials of submacular surgery. Subsequently, 3 larger clinical trials were launched to determine the effectiveness of submacular surgery in delaying further central vision loss caused by subfoveal CNV associated with AMD, OHS, or idiopathic causes. 8 The design and methods of these randomized trials have been described elsewhere. [9] [10] [11] The institutional review board of each of the participating clinical centers approved the research protocol before enrollment began at the center. The trials were carried out in accordance with the Declaration of Helsinki. Each participant gave written consent to participate in the trial for which he or she was eligible.
To maximize our ability to determine the responsiveness of the NEI-VFQ to changes in visual acuity during a 12-month interval, we combined data from 3 pilot trials and 3 full-scale clinical trials of submacular surgery. Patients who had qualityof-life interviews and visual acuity measurements at 12 and 24 months of follow-up by December 31, 2000, were included in the analysis. Patients enrolled in the pilot trials beginning in November 1993 and ending in December 1997. One of the 3 larger SST clinical trials that compose the SST was initiated in April 1997, and the other 2 began in July 1998. The trials enrolled patients in 3 clinical categories. Patients eligible for one of the pilot trials and one of the full-scale trials had large subfoveal hemorrhagic lesions secondary to AMD, with visual acuity from 20/100 (approximate Snellen equivalent) to light perception in the study eye. A second pilot trial and a second fullscale trial included patients with new subfoveal choroidal neovascular lesions secondary to AMD who had 20/100 to 20/ 800 (approximate Snellen equivalent) visual acuity in the affected eye. To be eligible for the AMD trials, patients had to be at least 50 years old. The remaining patients had CNV due to OHS or idiopathic causes, were 18 years of age or older, and had visual acuities between 20/50 and 20/800 (approximate Snellen equivalent) in the study eye. Thus, wide ranges of ages and visual acuities are provided by these patients. In each of the 3 pilot trials and SST trials, patients were randomized to submacular surgery or observation and were followed up for at least 24 months after enrollment.
INTERVIEW METHODS
The NEI-VFQ was not available when the pilot trials were initiated in 1993; it was introduced in January 1997. Therefore, most SST pilot study patients did not have a baseline NEI-VFQ interview but had one or more follow-up interviews. The follow-up interviews were conducted at the same time points as the follow-up ophthalmological evaluations (ie, at 6 months, 12 months, and 24 months after enrollment). To include the largest possible number of pilot study patients in this analysis, data from the 12-and 24-month interviews and examinations of 87 pilot study patients were analyzed. In addition, data from the SST trials were analyzed for the 131 patients who had completed 12-and 24-month interviews and examinations by December 31, 2000. Interviews with all patients included in this analysis were administered by telephone by trained interviewers located at the SST Coordinating Center (Baltimore, Md), using a computer-assisted procedure in which responses were entered directly to computer files during the interview. Although patients gave consent for participation at time of enrollment in each randomized trial, a second oral consent was obtained by the interviewer prior to the start of each interview.
The 25-item version of the NEI-VFQ and the appendix of additional questions have been published (http://www.rand .org/health/surveys/vfq25). 3 The 25-item NEI-VFQ and the appendix can be combined to create a 37-item NEI-VFQ (excluding 2 general health items). The items of the NEI-VFQ can be divided to create 11 subscale scores and an overall score. The subscales examined in this analysis are general vision (2 items in the subscale), ocular pain (2 items), near vision activities (6 items), distance vision activities (6 items), vision-specific social functioning (3 items), vision-specific mental health (5 items), vision-specific role difficulties (4 items), dependency due to vision (4 items), driving (3 items), peripheral vision (1 item), and color vision (1 item). One item in the driving subscale (difficulty driving in difficult conditions) was added during the conduct of the pilot trials with the advice of the developer (Carol Mangione, MD, electronic communication); therefore, for some early patients, the driving subscale was calculated from 2 items.
CLINICAL DATA
After a protocol refraction to obtain the best correction for each eye, visual acuity was measured separately for each eye on a modified Bailey-Lovie chart. 12 A description of SST procedures for measuring visual acuity has been published elsewhere. 9, 10 Measurements were made at the 12-month examination by SST-certified vision examiners at each of the participating clinical centers. For quality assurance purposes, "traveling" vision examiners, who were masked to each patient's treatment assignment and to the study eye, measured visual acuities at the 24-month examination whenever possible; otherwise, the measurements were made by local examiners. Masked measurements were incorporated in the analysis when available. Ninety-one percent of the 24-month visual acuity measurements were made by a masked examiner. Sociodemographic characteristics were recorded as part of the baseline examination of each patient.
DATA ANALYSIS
This analysis is based on the 37-item version of the NEI-VFQ; 12-month 25-item NEI-VFQ scores are presented for comparison only. Each of the NEI-VFQ subscale scores is an unweighted average of responses to nonmissing items in that subscale; the overall score is an unweighted average of nonmissing subscale scores. The subscale scores and the overall score can range in value from 0 to 100, with 0 being the worst possible value and 100 being the best possible value. Whenever the patient gave a response for at least one item in a scale, a score was calculated for that scale. Change in visual acuity was calculated as the difference in the visual acuity score at the 2 examinations. The "better eye" (ie, better-seeing eye) was defined as the eye with better visual acuity, that is, the higher visual acuity score, at each examination. Visual acuity line scores were calculated by dividing the visual acuity score by 5.
Box-and-whisker plots were used to summarize distributions. 13 The 2 or Fisher exact test was used to compare patients who were included and excluded from the analysis on variables that were categorical. The Wilcoxon 2-sample rank sum test was used to compare patients included and excluded from the analysis on variables that had a non-Gaussian distribution. Using SAS software (SAS Institute, Cary, NC), linear regression methods were used to examine the relation between 1-year changes in the NEI-VFQ scales and 1-year changes in visual acuity. Age; better-eye visual acuity at 12 months' follow-up; difference in visual acuity between the 2 eyes at 12 months' follow-up; change in visual acuity of the worse eye at 12 to 24 months' follow-up; general health (measured by the Medical Outcomes Study 36-item Short Form Health Survey [SF-36] physical and mental component summary scale scores 14 ) at 12 months' follow-up; and change in general health at 12 to 24 months' follow-up were evaluated as potential confounders using linear regression methods for the association between changes in the NEI-VFQ scores and changes in bettereye visual acuity. Unadjusted P values less than .05 were considered statistically significant.
RESULTS
DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
Of 1207 patients enrolled in 3 clinical trials and 3 pilot trials of submacular surgery, 483 were alive and had completed 24-month follow-up examinations or interviews, or their visit windows had closed without a 24-month contact as of December 31, 2000. Of these 483 patients, 218 (131 of 175 patients in the clinical trials and 87 of 308 patients in the pilot trials) who had visual acuity measurements and NEI-VFQ scores both at 12 and 24 months after enrollment were included in this analysis. Patients who were included in the analysis had a median age of 73 years and were predominantly white (97%); more than half (59%) were women ( Table 1) . Fiftyone percent of the patients included in the analysis rated their health at the time of the 12-month interview as excellent or very good; 17% rated their health as fair or poor. Seventeen percent of patients had visual acuities of 20/ 200 or worse in both eyes. Of 218 patients included in the study, 137 had CNV due to AMD, and 81 had CNV due to OHS or idiopathic causes.
There were no statistically significant differences in patients who were included or excluded from the analysis on demographic characteristics (data not shown). Patients who were excluded from the analysis had worse median visual acuity scores in both eyes at the 12-month examination than patients who were included in the analysis (median visual acuity in the better eye: 20/40 vs 20/25, P=.03; median visual acuity in the worse eye: 20/400 vs 20/320, P = .03; Wilcoxon 2-sample rank sum tests). Furthermore, 26% of the patients excluded and 51% of the patients included in the analysis reported their health as excellent or very good at 12 months' followup. For these comparisons, information on visual acuity was not available for 25%, and self-rated health was not available for 31% of the 265 patients excluded from the study.
The NEI-VFQ scores from the 12-month interviews are reported in Table 2 for all patients combined and for subgroups defined by the visual acuity of the better eye. The difference between median scale scores for the subgroup of patients with a visual acuity in the better eye of 20/20 through 20/40, and those with a visual acuity in the better eye of 20/200 or worse, ranges from no difference on the peripheral vision scale to a 75-point difference on the driving scale. Also included in the last column of Table 2 are the 25-and 37-item NEI-VFQ mean scores for the reference group of individuals who did not have clinical eye disease or uncorrectable visual acuity worse than 20/25, and who had a mean age of 59 years (range, 23-83 years) (Carol Mangione, MD, unpublished data, April 19, 2002) . 3 Information on the reference group was collected by the NEI-VFQ's developers. 1, 3 Mean scores for SST patients are lower for every scale than for the reference group. 24-month examination ranged from a loss of 9.6 lines to a gain of 3.4 lines with a median change of 0 lines. Worseeye visual acuity change ranged from a loss of 12.4 lines to a gain of 9.6 lines with a median change of 0.2 lines lost. During the same period, change in the NEI-VFQ overall score ranged from a loss of 38 points to a gain of 28 points, with a median loss of 1 point. The median change in each of the NEI-VFQ subscales was 0 points, with losses and gains in each subscale. Figure 3 shows scatter plots and linear regression lines for 1-year changes in NEI-VFQ scale scores vs 1-year changes in the visual acuity of the better eye. Results from the linear regression analysis are summarized in Table 3 . One-year changes in the overall score and in all but 2 subscale scores were found to be linearly related to 1-year changes in better-eye visual acuity with slopes statisti- ‡The same number of items contribute to the subscales in the 25-and 37-item NEI-VFQ. cally significantly different from zero (PϽ .05). A 1-line change in the better-eye visual acuity during 1 year was associated with 1.2-to 3.6-point changes in 9 of 11 subscale scores and in the overall NEI-VFQ score. A change in better-eye visual acuity was not associated with changes in color vision (P = .14) or ocular pain subscale (P=.22) scores. Associations between 1-year changes in the NEI-VFQ scores and 1-year changes in better-eye visual acuity persisted after adjustment for age, better-eye visual acuity at 12 months of follow-up, difference in visual acuity of the 2 eyes at 12 months' follow-up, general health (measured by SF-36 physical and mental component summary scale scores) at 12 months' follow-up, 1-year changes in worse-eye visual acuity, or 1-year changes in general health (measured by 1-year changes in SF-36 physical and mental component summary scale scores) (data not shown). Given no change in better-eye visual acuity, there were no statistically significant changes in the NEI-VFQ scores during a 1-year interval, as indicated by the fact that intercepts from linear regression of 1-year changes in the NEI-VFQ scores on 1-year changes in better-eye visual acuity were not statistically significant.
1-YEAR CHANGES IN SCORES
RELATION BETWEEN CHANGES IN VISUAL ACUITY AND NEI-VFQ SCORES
Examination of box-and-whisker plots of 1-year changes in NEI-VFQ scores after stratification by 1-year changes in better-eye visual acuity suggested that the NEI-VFQ was more sensitive to losses in visual acuity than to gains. However, any association of gains in better-eye visual acuity with changes in NEI-VFQ scores could not be assessed because few patients experienced gains of 2 or more lines in better-eye visual acuity, in part because many patients already had good vision in the betterseeing eye at 12 months' follow-up. Further analysis of the driving subscale was warranted because a large proportion of the study population (67 of 197 individuals) had given up driving owing to their eyesight and were still not driving at 24 months' follow-up (these 67 individuals had a driving score of 0 at both 12 and 24 months' follow-up). Analysis was repeated without these 67 individuals because a further loss of visual acuity cannot be associated with a further drop in the driving score, and a gain in visual acuity was not associated with resuming driving in this subgroup (1-year changes in better-eye visual acuity ranged from a loss of 9.2 lines to a gain of 3.4 lines in these 67 patients). When these individuals were excluded from the linear regression analysis, the driving subscale became the most responsive subscale of the NEI-VFQ. One-line change in better-eye visual acuity corresponded to 5.4 points change in the driving subsale. Thus, in the subgroup of drivers at 12 months, a change in the visual acuity of the better eye was strongly associated with a change in their selfreported ability to drive.
Change in visual acuity of the worse eye was not associated with statistically or clinically meaningful changes in the NEI-VFQ scores for most subscales in these patients (Table 3) .
COMMENT
The overall 37-item NEI-VFQ score and 9 of the 11 subscales were responsive to 1-year changes in the visual acuity of the better-seeing eye in individuals in this group of patients. The NEI-VFQ was particularly sensitive to loss of visual acuity in the better eye. The color vision and ocular pain subscales were insensitive to 1-year changes in visual acuity of the better eye in this study.
These findings are consistent with our prior expectations that subscales such as near activities, distance activities, and driving would be more sensitive to changes in central visual acuity than color vision and ocular pain subscales would be. Furthermore, color vision and ocular pain subscale scores at 12 months' follow-up were those closest to the reference group values, suggesting that they had not been significantly affected by poor visual acuity in one or both eyes among these patients.
Results of this study show that the driving subscale was more responsive to changes in visual acuity of the better eye among individuals who drove either at 12 months' or 24 months' follow-up after eliminating from analysis individuals who had given up driving mainly because of their vision and who did not start driving during follow-up (ie, driving subscale score of "0" at both time points). Since the absence of a 1-year change in the driving subscale cannot be interpreted in the same way for the group who was not driving owing to poor vision as for the group who was driving, mixing the 2 groups in the analysis may distort the estimate of change and may increase the likelihood of not finding a meaningful association when a difference may exist in a subgroup of drivers. A separate analysis that excludes individuals who were not driving owing to poor vision during the period of interest may be advisable when a change in the driving subscale is an important outcome.
A noteworthy finding of this study was that the 37-item NEI-VFQ scores and the 25-item NEI-VFQ scores at 12 months' follow-up were similar for most subscales. The 37-item and the 25-item NEI-VFQ scores for the reference group also were very similar. These data suggest that the 25-item NEI-VFQ may be sufficient to describe vision-targeted quality of life.
Strengths of this study include prospective data collection among a well-characterized group of patients whose primary health problem was subfoveal CNV that had resulted in a loss of visual acuity in at least 1 eye. In addition, all interviews were conducted by telephone by personnel not affiliated with any clinical center and who had no other relationship with the patients. The period analyzed was well after the recovery period from initial submacular surgery. Since many patients did not have substantial changes in better-eye visual acuity or in the NEI-VFQ scores during the 1-year period under study, regression lines were heavily influenced by the subset of patients who experienced large losses of visual acuity in the better eye.
It is unlikely that findings on the responsiveness of the NEI-VFQ to changes in visual acuity in the better eye in this group of patients (who had a very specific condition that affects central acuity) apply to persons with different eye diseases that may affect other aspects of vision. The patients included in this analysis typically either maintained the visual acuity of the better eye at the 12-month level or lost visual acuity by 24 months; few patients experienced improvements of more than 2 lines in the better eye during the 1-year period. When data collection in the full-scale SST is completed, data collected at longer follow-up intervals will be available for analysis.
One may question whether a 1.2-to 5.4-point change in the NEI-VFQ scores per 1-line change in visual acuity is clinically meaningful. In clinical trials of treatments for AMD and other causes of CNV with central vision loss, losses of 3 lines 15,16 and 6 lines 17-19 from baseline visual acuity have been used as the primary outcome of interest. According to our findings, 3-or 6-line changes in the visual acuity of the better eye would translate to changes of 3.6 to 16.2 points and 7.2 to 32.4 points in the NEI-VFQ scores, respectively. However, as shown in Figure 3 , some patients had such decreases in scores without significant loss of visual acuity. One may also consider SD units as a benchmark for clinical significance. If half an SD change in better-eye visual acuity (2.2 lines in our sample) would be considered clinically meaningful, then half an SD change in the NEI-VFQ scores may also be an important change to detect (10 points in the overall score and 12 to 13 points in most subscales in our sample).
It is important to note that surveys such as the NEI-VFQ that estimate vision-targeted, health-related quality of life rely on patients' perceptions of disability. It is possible that clinically important declines in visual acuity throughout the 12-month follow-up period did not result in declines in NEI-VFQ scales because patients had adapted to this loss in acuity. It is also possible that, given the nature of the ocular conditions included in the analysis, patients had fairly low expectations for their visiontargeted quality of life.
Despite the limitations of this study, the results of these analyses demonstrate that the NEI-VFQ is responsive to within-individual, better-eye visual acuity change over time. Therefore, the NEI-VFQ can be used for the evaluation of vision-targeted quality of life in prospective studies. It remains to be seen whether responses to the NEI-VFQ, in combination with other demographic and clinical characteristics of patients and information about earlier visual acuity measurements, could be used to estimate changes or rate of change in visual acuity. This information would be valuable in epidemiological studies when some study subjects cannot return for follow-up examinations or when it is either logistically or financially impossible to examine all study subjects. 
